BACKGROUND: Pre-dialysis blood pressure variability (BPV) in adolescent and young-adult maintenance hemodialysis (MHD) patients remains unknown. This study aimed to show the degree of 44-h BPV and to explore its related risk factors in adolescent and young-adult MHD patients. METHODS: One hundred and fifty-three hemodialysis patients aged from 14 to 29 were selected from 11 medical facilities in Guizhou, China. Variability independent of the mean BP (VIM) obtained by 44-h ambulatory BP monitoring was used to calculate BPV. Baseline characteristics, physical measurement, and laboratory parameters were compared between different groups categorized by quartiles of VIM of systolic BP (VIMSBP). RESULTS: VIMSBP levels were found to be positively related to interdialytic weigh growth rate (IDWG), serum phosphorus, and serum intact parathyroid hormone (iPTH; Spearman correlation coefficients 0.474, 0.229, and 0.437, respectively; Po0.05 for all) and negatively related to hemoglobin (Hb) and albumin (−0.317, Po0.001, and − 0.166, P = 0.04, respectively) in all adolescent and young-adult MHD patients. In multiple linear regression analysis, IDWG, Hb, serum phosphorus, and serum iPTH had an independent association with VIMSBP. CONCLUSION: Our analysis revealed an independent association of BPV with IDWG, Hb, serum phosphorus, and serum iPTH among adolescent and young-adult patients undergoing dialysis. This observation warrants further study.
C hronic kidney disease (CKD) is an important public health problem worldwide, affecting 8-16% of the adult population. In China, the overall prevalence of CKD was 10.8%, and even higher in southwest (18.3%) regions compared with other regions (1) . Hypertension is now considered to be an independent risk factor for end-stage renal disease (ESRD), prevalent over 56-85% of ESRD patients undergoing dialysis (2, 3) . Pre-dialysis blood pressure has been shown to be strongly associated with poor prognosis of ESRD (4) . Elevated pre-dialysis blood pressure represents a powerful risk marker for subsequent cardiovascular events and all-cause mortality both in children and in elder maintenance hemodialysis (MHD) patients (5, 6) . Unfortunately, effective management strategies of hypertension for dialysis patients are not available (7) .
Blood pressure variability (BPV), defined as blood pressure fluctuations, appeared in all hemodialysis (HD) patients. In the past, only five major studies indicated that the pre-dialysis or visit-to-visit BPV, a new marker of cardiovascular risk, was independently associated with all-cause mortality in elder MHD patients (8) (9) (10) (11) (12) (13) . However, no data are available relating BPV in adolescent and young-adult patients with HD to primary end point such as cardiovascular events and all-cause mortality.
In the present study of 153 Chinese youths, we evaluated 44-h ambulatory BP (ABP) from the end of last dialysis to the beginning of the next dialysis. To our knowledge, this is the only large group of adolescent and young-adult MHD patients in which 44-h ABP levels have been collected. Multiple linear regression analysis was used to characterize the degree of BPV and to explore its related risk factors in dialysis patients aged 14-29 during dialysis interval monitored by ABP.
METHODS

Subjects
The adolescent and young-adult patients aged 14-29 years who underwent routine MHD at 11 dialysis facilities in GuiZhou, Southwest China, were enrolled in this multicenter, prospective study. Inclusion criteria are as follows: (i) patients undergoing HD three times weekly, (ii) 14 ≤ age o30 years, and (iii) antihypertensive therapy only use calcium channel blockers (CCBs) and/or angiotensin system blockers (AECI or ARB). We excluded patients who did not sign the informed consent or invalid monitoring, who underwent kidney transplantation, combined HD, and peritoneal dialysis, and who were taking other antihypertension drugs such as metoprolol or terazosin. Ethical approval for this study (GZPPHEC--2015-028) was provided by the Ethical Committee of GuiZhou Provincial People's Hospital, China, on 2 February 2015. The informed consent was obtained from every young adults or immediate family members of adolescent subjects before the enrollment.
Measurement of Ambulatory Blood Pressure Monitoring and
Assessment of BPV ABP monitoring was performed once for each subject using validated devices (Spacelabs, WA) according to the instructions from the end of last dialysis to the beginning of the next dialysis, totally 44 h (ref. 14) . The intervals between measurements were 30 min during the day (0800-1000 hours) and 60 min at night (1000-0800 hours). In 44 h, there should be in total 68 times blood pressure monitoring, which when more than 80% (54 times) was considered as an effective monitoring. The patients were asked to keep a detailed diary during the monitoring to identify the false-positive result of hypertension. According to the 44-h AMBP monitoring reports, the 44-h mean SBP and DBP were calculated.
In order to transform SD uncorrelated with the mean BP, variability-independent of the mean (VIM) was calculated as follows (15) :
The parameter a can be estimated using nonlinear regression by fitting a curve of the form y = x a through a plot of individual SD SBP (y) against the individual mean SBP (x). The parameter k is a constant that can be chosen such that the mean value of VIM is the same as the mean value of SD. The parameter M is the average value of the mean SBP in all individuals, and then k = M 
Physical Measurement and Laboratory Parameters
To evaluate nourishment status in the subjects, we assessed their height (cm) and weight (kg) and calculated BMI as weight/height 2 (kg/m 2 ). Upper arm muscle circumference was measured with soft feet. The measuring point was the midpoint from shoulder to the olecranon connection when upper limbs naturally droop. To minimize intra-operator variability, the averages of three consecutive measurements were recorded. Dry weight was obtained from bioelectric impedance device directly (Biodynamics, Seattle, WA) using Bioelectrical impedance spectroscopy, and the interdialytic weigh growth rate (IDWG%) was calculated by the following formula: IDWG% = (body mass at the beginning of the dialysis − body mass at the end of last dialysis)/dry weight.
Blood samples were also obtained in the morning after an 8-h overnight fast. Laboratory parameters include the following: predialysis serum creatinine, blood urea nitrogen, Cystatin C, hemoglobin (Hb), albumin (Alb), high-sensitivity C-reactive protein, serum calcium, phosphorus, magnesium, and intact parathyroid hormone (iPTH). Biochemical indicators were tested using automatic biochemical detector (Olympus, Tokyo, Japan) and Hb was determined using blood routine examination (Sysmex sf-3000, Kobe, Japan). iPTH assay was detected using chemiluminescence immunoassay. Hb (36 subjects) and renal function parameters (48 subjects) were measured more than two times in 3 months, and the time-average value of above parameters was calculated for analysis.
Standard HD Sessions
All patients were dialyzed using 1.6 m 2 surface area high-flux polysulfone dialyzers with bicarbonate-based dialysate (Na + 138 mmol/l, HCO 3-32 mmol/l, K + 2.0 mmol/l, Ca 2+ 1.50 mmol/l, and Mg 2+ 0.5 mmol/l). The prescribed duration time was 4 h with a blood flow rate of 250 ml/min and a dialysate flow rate of 500 ml/ min. The adequacy of dialysis was assessed by using Kt/V (K, dialyzer clearance of urea, t, dialysis time, V, volume of distribution of urea). According to Kidney Disease Outcomes Quality Initiative (KDOQI) 2015 update, the target Kt/V should be 1.2 per session (16 
RESULTS
Characteristics and Laboratory Parameters
In total, 398 patients, aged 14-29, who underwent hemodialysis were enrolled from 11 dialysis facilities (n = 1,057) of Guizhou in Southwest China. Figure 1 showed that 245 subjects were excluded because they did not sign the informed consent (146 subjects), because of invalid monitoring (27 subjects), because of using other antihypertensive drugs (38 subjects), and because they underwent irregular or combined HD and peritoneal dialysis (28 subjects) and kidney transplantation (6 subjects The degree of 44-h mean BP and corresponding VIM, SD was presented in Table 2 . The mean SBP and DBP in the 44-h period were similar between the four groups (P = 0.18 and P = 0.11, respectively). Variability independent of the mean SBP and VIMDBP in the 44-h period, as well as SD of SBP and SD of DBP values in the study population, was significantly higher in the fourth quartile compared with that in the first quartile (Po0.001).
Simple Correlation Coefficient of VIMSBP and Other Variables in Adolescent and Young-Adult MHD Patients
Next, the association of VIMSBP with laboratory parameters and SD of SBP was evaluated in Table 3 and Figure 2 ; simple correlation analysis indicated that the VIMSBP level was positively related with IDWG (Spearman correlation coefficients r = 0.474, Po0.001, Figure 2a ), serum phosphorus (r = 0.229, P = 0.004, Figure 2b) , and serum iPTH (r = 0.437, Po0.001, Figure 2c) , and was negatively related with Hb (r = − 0.317, Po0.001, Figure 2d ) and Alb (r = − 0.166, P = 0.04) in all adolescent and young-adult MHD patients. When these associations in non-hypertensive patients (n = 104) were assessed, the relationship of VIMSBP with those factors remains the same together with age and duration of dialysis; data were displayed in the Table 3 . VIMSBP in hypertensive patients was associated with IDWG (r = 0.555, Po0.001), serum iPTH (r = 0.362, P = 0.01), Hb (r = − 0.290, P = 0.04), and age (r = − 0.300, P = 0.04). In addition, there was no relationship between SBP and VIMSBP in any patient (r = 0.013, P = 0.88).
Multivariate Linear Regression Analysis for VIMSBP
To further investigate the independent correlation of VIMSBP in all adolescent and young-adult individuals, multiple linear regression models were constructed using a model adjusted for age, sex, dialysis duration, BMI, arm muscle Table 2 . Forty-four-h ambulatory blood pressure monitoring findings of the study population by variability independent of SBS quartiles DBP, diastolic blood pressure; SBP, systolic blood pressure; VIMDBP, variability independent of diastolic blood pressure; VIMSBP, variability independent of SBP. circumference, dry weight, laboratory parameters, Kt/V, 44-h mean SBP, and drugs (ACEI/ARB, CCB). It revealed that IDWG, Hb, phosphorus, and serum iPTH (standardized β = 0.290, − 0.498, 0.454, and 0.144, respectively, Po0.05) values maintained independent-factor association with VIMSBP in adolescent and young-adult MHD patients ( Table 4) .
DISCUSSION
Hypertension has been considered as the major risk factor of cardiovascular disease as well as the main cause of mortality in pediatric patients with CKD (17) . Considerable lines of evidence have supported the notion that increased BPV might be an independent pathogenic factor of all-cause mortality and cardiovascular event (9, 18) . Findings of our study indicated that VIMSBP is significantly correlated with IDWG, phosphorus, serum iPTH, and Hb in adolescent and youngadult MHD patients. Such results suggested that BPV calculated by VIM may be directly or indirectly influenced via fluid overload, excessive activation of rein-angiotensinaldosterone system and CKD mineral and bone disorder. These findings may shed new lights on the understanding of the importance of BPV in adolescent and young-adult dialysis patients together with (9, 18) . Inadequate volume control and salt restriction are common in dialysis patients during adolescence because of the second peak of growth and development. It may result in higher interdialytic weight gain during non-dialysis days (19) . As we know, this interdialytic weight gain may be divided into weight gain from linear and somatic growth and excess fluid induced by kidney failure, with the latter contribute more. More importantly, interdialytic weight gain is the quantitative index of fluid overload that reflects the increase of BPV. As the variation of interdialytic weight gain increases, the patient's pre-dialysis BP will increase and the blood volume after dialysis will reduce, which in turn might excessively activate rein-angiotensin-aldosterone system because of the decreased renal perfusion. In addition, numerous studies have proposed that high-salt intake will reduce baroreceptor sensitivity; meanwhile, it will also affect BPV (2, 20) . Lower Hb and Alb levels in the higher VIMSBP group demonstrate that poor nutritional status during adolescence may be responsible for the increased heart rate and BP fluctuations (21) . Specifically, our study is partially in agreement with findings by recent study in adult MHD patients, which show that higher IDWG and lower Hb levels are the major factors affecting high BPV patients (22) . CKD mineral and bone disorder is common in pediatric CKD patients, which has a major role in the etiology and progression of cardiovascular disease. Our study found that serum phosphorus and iPTH were positively correlated with VIMSBP. Moreover, growing lines of evidence from the recent studies have illustrated that elevated phosphate can promote vascular calcification, endothelia dysfunction, and arterial stiffness (23) (24) (25) (26) . As is suggested by data analysis from the National Health and Nutrition Examination Survey (NHANES) cohort, serum iPTH levels were significantly positively correlated with both SBP and DBP (27) . BP reduction in the hypertensive patients after parathyroidectomy has further expounded an etiological role of PTH in high BP, which is achieved through interaction between PTH and rein-angiotensin-aldosterone system (28) (29) (30) . However, no studies on the relationship of BPV with serum phosphorus and PTH are available at present. Thus, the current study may be the first to explore the association between bone mineral metabolic disorder and BPV in CKD.
Moreover, evidence has indicated that a higher proportion of hypertension cases are diagnosed with the help of 44-h ABPM compared with 24-h ABPM, which has supported the mechanism by which volume shifts contribute to higher VIMSBP (14, 31) . Latest research from Haskin et al. also analyzed 13 pediatric MHD patients aged 10 − 18 years using 44-h ABPM. The results suggested markedly higher BP loads on the second non-dialysis day than those on the first day, demonstrating that fluid that accumulates during the interdialytic period is related to higher BP values (32) . Only the mean BP levels and loads are compared in previous literatures via 44-h ABPM. In comparison, our study is the first to apply VIMSBP, an accurate indicator, reflecting BP fluctuations instead of BP, in analyzing the larger sample size of adolescent and young-adult HD patients between dialysis day and nondialysis days.
Nonetheless, our study is inevitably associated with certain limitations. First, considering the effect of antihypertensive drugs on the BPV level, it is explicitly stipulated that subjects receiving CCBs and (or) ACEI/ARB only for the treatment were enrolled in this study. Notably, there was no statistically significant difference in using antihypertensive drugs between different quartiles of VIMSBP groups (Table 1) . Second, it is a cross-sectional study, which can hardly draw a conclusion regarding VIMSBP and abnormal mineral and bone metabolism parameters through causal relationships. In addition, the mechanisms underlying such an association remain unclear. Third, there are several measurements of BP fluctuations deriving from ABPM data, such as coefficient of variation, and weight SD, but VIM is the only indicator of BPV analyzed in this study. BPV is calculated by VIM to eliminate the influence of the mean BP on the SD of BP. As can be figured out from Table 2 , SBP is not correlated with VIMSBP (r = 0.013, P = 0.88) (15) . Finally, the variability of diurnal and nocturnal BP should be further explored, so as to provide a more detailed picture of BPV in adolescent and young-adult patients undergoing dialysis.
In conclusion, this is the first study to reveal the independent correlation of BPV with IDWG, hemoglobin, serum phosphorus, and serum iPTH among adolescent and young-adult patients undergoing dialysis. It highlights that early recognition and intervention against factors involved in hypertension is crucial to improve the outcomes of patients at risk. Furthermore, placebo-controlled randomized trials of medication targeting BPV are needed to evaluate whether these interventions can improve the renal outcomes and reduce mortality in adolescent and young-adult MHD patients. 
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